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A B S T R A C T  I N  I T A L I A N O  
Il presente lavoro di tesi è incentrato sull’implementazione del modello di 
propagazione del moto ondoso SWAN (Simulating Waves Nearshore) lungo la 
costa del Belgio. In particolare l’obiettivo del lavoro è stato quello di confrontare i 
dati derivati da misurazioni sperimentali effettuate mediante boe ondametriche e i 
dati derivanti dalla simulazione numerica attraverso il modello SWAN. Nel 
seguente lavoro sono stati testati quattro differenti modelli teorici di dissipazione di 
energia nella propagazione del moto ondoso che sono stati confrontati tra loro e con 
le misurazioni dei dati reali. Il modello SWAN è un software completamente 
gratuito sviluppato dalla Delft University Technology. 
I modelli spettrali di propagazione del moto ondoso si dividono in prima, seconda 
e terza generazione. Il concetto chiave nella descrizione delle onde random è la 
distribuzione spettrale bidimensionale funzione della varianza dell’elevazione 
superficiale, utile per descrivere dinamicamente e probabilisticamente il campo 
d’onda locale.  
La varianza dell’elevazione superficiale può essere considerata equivalente, a meno 
di una costante, alla densità di energia d’onda. Energia diviso frequenza intrinseca è 
chiamata “wave action”, concetto molto usato perché si conserva in caso di 
interazione onda-corrente. Lo SWAN è un “wave action model” di terza 
generazione, cioè dinamico e completamente spettrale in frequenza e direzione. 
Consente di ottenere stime realistiche sulla propagazione delle onde in zone costiere 
e acqua bassa. Ha un’implementazione fisica ed algoritmi di calcolo numerico 
sviluppati e studiati appositamente per superare le tradizionali difficoltà incontrate 
nell’applicazione di un modello d’onda in zone costiere caratterizzate da basse 
profondità. Il modello SWAN può tenere conto dei seguenti processi: rifrazione 
dovuta al fondo e ai gradienti di corrente, shoaling dovuto al fondo e ai gradienti di 
corrente, riflessione dovuta alla corrente. Il modello inoltre considera i seguenti 
processi dissipativi: generazione dovuta al vento, dissipazione dovuta al white-
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capping, frangimento (depth-induced surf-breaking), attrito al fondo (bottom 
friction), ridistribuzione dell’energia sullo spettro dovuta ad interazioni non lineari 
(interazioni a tre e a quattro onde, in inglese rispettivamente “triad” e  “quadruplet”). 
La diffrazione e la riflessione non sono modellati da SWAN. In questo studio si è 
affrontato il processo dissipativo del frangimento attraverso lo studio di quattro 
diverse teorie che in seguito sono state implementate nello SWAN. Il software di 
modellazione in default (versione del software utilizzata 40.91) usa la teoria di 
Battjes and Janssen(1978), la quale si basa su due importanti elementi: la probabilità 
di frangimento delle onde (attraverso la funzione Rayleigh) e la dissipazione di 
energia di una singola onda che frange (attraverso le formulazioni della perdita di 
carico dovuta alla formazione di un risalto idraulico); inoltre Battjes and Janssen 
usarono l’espressione dell’onda solitaria di Miche quale espressione della massima 
altezza  d’onda (nel caso di acque basse  𝐻𝑚 = 𝛾𝐵𝐽ℎ , con γBJ = 0.73). Le altre tre 
teorie dissipative implementate nel modello sono state: la teoria di Thornton and 
Guza(1983) e la teoria di Ruessink(2001), che si rifanno, in parte alla teoria di 
Battjes and Janssen , dalla quale pero si discostano cambiando il valore del breaker 
index γ, e la teoria di Nelson(1993) che fu tarata nella grande barriera corallina 
Australiana e che non tiene conto della pendenza del fondo marino. Nel capitolo 4 
sono state confrontate e convalidate le tre teorie (Thornton & Guza, Nelson, 
Ruessink) sfruttando i dati dell’esperimento di laboratorio originario di Battjes & 
Janssen(1978), andando a comparare le differenti altezza d’onda significativa 
ottenute e le differenti dissipazioni dovute al frangimento. 
L’area di studio interessata al lavoro di tesi è un grigliato rettangolare di dimensioni 
95x36 km inclinato di 29° che comprende tutta la costa belga; il grigliato è integrato 
da un grigliato batimetrico risalente al progetto “Marebasse” del 2006 e inoltre vi 
sono due boe situate in due località (Westhinder e Trapegeer) che sono di interesse 
nel nostro studio. Le misurazioni del vento sono effettuate attraverso un 
anemometro(MP7) posto vicino la boa di Westhinder. 
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Come condizioni a contorno della griglia di calcolo viene utilizzato lo spettro 
generato dalle misurazioni della boa di Westhinder situata proprio sul bordo Nord 
della griglia. Il time serie(serie storica) delle misurazioni delle boe osservato ricopre 
6 mesi, tra questi è stato scelto il periodo tra il 18 e il 20 Gennaio 1998, nel quale 
sono state registrate altezza d’onda significativa maggiore di 3 metri e venti formanti 
un angolo ortogonale alla costa; in particolare è stato introdotto nel calcolo dello 
SWAN il 19 Gennaio 1998 alle ore 16:30(utilizzato come condizione al contorno). 
Il run effettuato con lo SWAN è stato realizzato sfruttando un comando del software 
che ci dà l’andamento delle altezze d’onda e delle dissipazioni nella “linea” 
congiungente le due boe; è quindi facilmente apprezzabile l’andamento delle altezze 
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d’onda e le dissipazioni dovute ai banchi di sabbia presenti sul fondale, andando a 
confrontare tali altezze e dissipazioni ottenute dalla simulazione con le quattro 
differenti teorie dissipative. 
 
La figura ci dà l’altezza d’onda significativa dalla boa di Westhinder (punto 1) alla 
boa di Trapeeger (punto 38). La simulazione mostra che i modelli di Battjes & 
Janssen, Nelson e Ruessink danno gli stessi risultati in termini di altezza d’onda 
significativa (valori che variano da poco più di 3 metri a Westhinder a poco più di 2 
metri a Trapeeger), secondo il modello di Thornton & Guza invece si ha una 
sottostima significativa dell’altezza d’onda rispetto ai tre modelli (differenza che 
arriva ad essere fino a 0.5 metri a Trapeeger); inoltre tale differenza d’altezza d’onda 
comincia ad essere considerevole dal Buiten Retel bank (punto 22 in figura). Per 
capire meglio i risultati della simulazione dello SWAN, tali valori sono stati 
confrontati con le misurazioni reali delle due boe a disposizione. Il confronto viene 
effettuato attraverso lo spettro direzionale a Westhinder e a Trapeeger nel giorno e 
nell’ora fissata; tale confronto ci permette di concludere che con tutte e quattro le 
teorie dissipative si ha una sottostima dell’altezza d’onda significativa ma, anche in 
questo caso le previsioni di Battjes & Janssen, Nelson e Ruessink sono prossimi alle 
misure reali, mentre Thornton & Guza sottostimano abbastanza l’altezza d’onda 
significativa. Inoltre si è riscontrata una notevole differenza di previsione tra la boa 
posta più a largo (Westhinder) e la boa prossima alla costa(Trapeeger), con i valori 
dell’altezza d’onda di Westhinder molto ben stimati dal modello. 
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Attraverso l’analisi dei dati di output del modello SWAN, è possibile andare a 
quantificare la dissipazione di energia lungo la linea congiungente le due boe, è 
dunque possibile apprezzare come le dissipazioni si localizzano dove si hanno i 
banchi sabbiosi (dove si ha anche incremento d’altezza d’onda). La figura in basso 
mostra che soprattutto nel Buiten Ratel bank(punto 22 nel profilo) c’è una grande 
dissipazione totale di energia espressa in termini di W/m2 (ovvero vengono 
considerate le dissipazioni dovute al frangimento e all’attrito al fondo) secondo 
Nelson e Thornton & Guza; secondo le teorie di Battjes & Janssen e Ruessink invece 
si ha molto meno dissipazione totale. 
 
Andando a isolare il solo termine di dissipazione dovuto al frangimento delle 
onde(Fig. in basso)e confrontando i risultati dei quattro modelli, notiamo che solo 
con il modello di Battjes & Janssen si ha un valore realistico di dissipazione; secondo 
il modello di Ruessink, per esempio, non si ha alcun surf breaking dissipation; le 
teorie di Nelson e Thornton & Guza invece danno dei valori troppo troppo elevati  
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di dissipazione e vengono localizzate delle dissipazioni in zone dove non si ha 
frangimento delle onde, il che indica un errore del modello dovuto alla non corretta 
taratura dei coefficienti ottenuti dai dati reali. 
 
 
In conclusione è possibile affermare che in mancanza di una specifica calibrazione 
attraverso i dati reali delle boe poste sul grigliato della costa belga, la sola teoria 
dissipativa in caso di modellare sia l’altezza delle onde significative sia la 
dissipazione di energia dovuto al frangimento delle onde risulta essere quella di 
Battjes & Janssen (che tra l’altro risulta essere l’unica usata in default dallo SWAN 
ver. 40.91). Per quanto riguarda la modellazione in questa specifica zona costiera 
usando le altre tre teorie dissipative (Nelson, Ruessink, Thornton & Guza), solo 
dopo una serie di studi più approfonditi e calibrazioni con un più elevato numero di 
dati reali sarà possibile realmente modellare con correttezza i dati ottenuti dallo 
SWAN e valutare quale delle quattro teorie dissipative realmente può essere adatta 
in questa specifica zona costiera. 
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I n t r o d u c t i o n  
Coastal wave evolution is affected by many physical processes. In the very 
nearshore zone, wave breaking has by far the largest impact on wave evolution, 
and plays a fundamental role in the dynamics of many other coastal processes such 
as sediment transport and coastal circulation. This dissipation mechanism 
determines the amount of wave energy that reaches the beaches or any type of 
coastal structure. Design criteria for coastal structure depend on the amount of 
wave energy approaching the structure. If the wave conditions near the structure 
(near the coastline) are determined with a numerical wave model (in this case 
SWAN), accurate modelling of the wave breaking process is important. Numerical 
modelling is therefore one of the most important tools for wave estimation, not 
only for practical operational use but also for further conceptual and engineering 
studies. In this thesis are presented four different wave breaking model used in the 
wave modelling. According to Battjes & Janssen the total dissipation due to depth 
induced wave breaking can be modelled well with the dissipation of a hydraulic 
jump, applied to the breaking waves in shallow water. In this study was compared 
this classical and widely accepted model with other three surf breaking theories 
(Thornton & Guza, Ruessink, Nelson), trying to investigate the wave energy 
dissipation in the Belgian coastal zone. The aim of this thesis is also to understand 
better the coastal dynamics and the sediment transport in shallow water and to give 
a realistic interpretation of the numerous campaign of measurements in the Belgian 
coast. It is obvious that validation of the wave model needs a comparison with 
observed data (buoy measurements).  
This document consist of six chapter. The first chapter give an overview of the 
investigation of wave dissipation, especially depth induced breaking theories, and 
explains the purpose of this study. In chapter two a revision of the numerical wave 
model (SWAN) is given. The action balance equation is presented with a focus on 
the Source terms that represent the effect of generation, dissipation, and nonlinear 
wave-wave interactions. There is an explanation on the generation by wind, bottom 
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friction dissipation and especially on depth induced wave breaking dissipation. 
The four breaking theories are described with the different formulation and the 
different statistical assumptions. The description of data set is documented in 
Chapter 3. There is a description of the study area, the position of the buoys, the 
different data delivered from the buoy, the study of the Belgian bathymetry and 
the specific study case chosen in this thesis. To validate the four different breaking 
model there is the study of the original data set (Test Bed) of the laboratory 
experiment of Battjes & Janssen in which this original data are compared with the 
model simulation of the four breaking theories. In the Chapter 4 are analysed the 
test bed results and are compared the significant wave height and the energy 
dissipation modelling the four different breaking theories. Then there is the 
explanation of the implementation of the Swan model with the computational grid, 
the four different physical process and the boundary conditions. In the Chapter 5 
there is the comparison between Swan data given with the numerical modelling 
and the real buoy measurement in terms of significant wave height and energy 
dissipation. The main conclusions derived from this study and the suggestions 
envisaged for further research are compiled in Chapter 6. 
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1 .  P u r p o s e  o f  t h e  T h e s i s  
The breaking of ocean surface waves generates strong turbulence and energy 
dissipation. In deep water, breaking participates in air-sea exchange and limits 
wave growth; it is widely known that in the surf zone, waves lose energy mainly 
by wave breaking. The rate of energy dissipation due to breaking waves is an 
essential requirement for predicting wave height, sediment transport rate and beach 
profile change in the surf zone. In coastal waters, the propagation of waves is 
affected by a limited water depth. However, a limited water depth also affect the 
generation, nonlinear wave-wave interaction and dissipation. Several studies 
during these years show that modelling waves in coastal waters take in account 
many more processes than in oceanic waters. For these reason the processes of 
generation, wave-wave interactions and dissipation that are important in deep 
water tend to intensify in shallow water, but other processes become active that 
tend to be stronger. When waves enter in shallow water there is more transfer of 
energy from wind to waves and there are some additional processes like dissipation 
(bottom friction and depth-induced breaking) which affect the waves. The purpose 
of this thesis is to understand the depth-induced breaking phenomenon particularly 
investigate the wave energy dissipation in the Belgian coastal zone and  also it is 
a preparation of the interpretation of a recent measurements campaign; in fact 
during the 2013 a new measurements campaign was carried from new 5 buoy 
deployed in the framework of the “Vlaamse Baaien – Monitoring Broersbank” 
project.  
In this thesis are investigated four models for depth-induced wave breaking, the 
classical and widely accepted model of Battjes & Janssen (1978), the model of 
Nelson (1993), the model of Ruessink (2001) and the model of Thornton & Guza 
(1983). In SWAN model the breaker formulation of Battjes & Janssen has been 
implemented in default (ver. 40.91). This model consists of two important 
elements: the probability of breaking and the dissipation of energy in a single 
breaking wave. Battjes & Janssen assumed that the wave height distribution could 
16 
 
be modelled with a Rayleigh distribution truncated at a maximum depth limited 
breaker height. The dissipation of energy in a single breaking is modelled in 
analogy with the dissipation in a hydraulic jump. This breaker model is a typical 
example of a parametric model, in fact they used a constant breaker parameter 
(γ=0.73) which indicates a breaker height-to-depth ratio. The model of Thornton 
& Guza can be considered a variant of Battjes & Janssen model, with alteration 
primarily to the description of the wave height probability density function; they 
adopted a full Rayleigh distribution because they supposed that all the waves will 
break, not only the highest. In this model they used a breaker parameter (γ = 0.42) 
related with other two different parameter obtained from a calibration of field data. 
The model of Ruessink is an empirical improvement to the Battjes & Janssen 
model with the implementation of a new functional form for the breaker index; the 
Ruessink parameter is a locally varying parameter that increase linearly with the 
product of the local wave number and the water depth. The model of Nelson is 
based on empirical experiment; Nelson tested that the upper limit value for the 
ratio H/h for shallow water over a horizontal bed is 0.55. 
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2 .  N u m e r i c a l  m o d e l :  S W A N  
The SWAN model is a freely available, open source computer model. It is a 
numerical third-generation wave model that provides realistic estimates of wave 
parameters in open seas, coastal areas and lakes. In coastal waters such schemes 
are not so economical, because the time step Δt in such schemes would be very 
small.  The formulation in SWAN representing the process of generation by wind, 
quadruplet wave-wave interactions, white-capping and bottom friction are 
identical to those of the WAM model. They are supplemented in SWAN with the 
process of depth-induced breaking and triad wave-wave interactions(Holthuijsen 
2007).The SWAN model calculates the development of a sea state by means of 
action density N(σ , θ) rather than by means of variance density E(σ , θ), as in  the 
presence of currents action density is conserved whereas variance density not. The 
action balance equations is identical to the energy balance equation with the E (σ 
, θ) replaced with the action density N(σ , θ)=E(σ , θ)/σ , where σ is the relative 
radian frequency and θ is the wave direction(direction normal to the wave crests). 
In the SWAN wave model, the evolution of the wave spectrum is described by an 
Eulerian formulation of the balance of wave energy density. In the Eulerian energy 
balance approach, the balance of wave energy is considered in cells in a grid. The 
action balance equation is  
 
𝜕𝑁(𝜎, 𝜃; 𝑥, 𝑦, 𝑡)
𝜕𝑡
+
𝜕𝑐𝑔,𝑥𝑁(𝜎, 𝜃; 𝑥, 𝑦, 𝑡)
𝜕𝑥
+
𝜕𝑐𝑔,𝑦𝑁(𝜎, 𝜃; 𝑥, 𝑦, 𝑡)
𝜕𝑦
+
𝜕𝑐𝜃𝑁(𝜎, 𝜃; 𝑥, 𝑦, 𝑡)
𝜕𝜃
+
𝜕𝑐𝜎𝑁(𝜎, 𝜃; 𝑥, 𝑦, 𝑡)
𝜕𝜎
=
𝑆(𝜎, 𝜃; 𝑥, 𝑦, 𝑡)
𝜎 
 
where  cg,x and cg,y  are the x, y components of the group velocity corrected for the 
propagation on a current with velocity and S(σ, θ; x, y, z) is source term which 
represent all effects of generation and dissipation. The first term on the left-hand 
side of each of these equations represents the local rate of change of action (or 
energy) density in time, the second and the third terms represent propagation of 
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action (or energy) in geographic space. The fourth term represents depth-induced 
and current-induced refraction (with propagation velocity cθ in θ-space). The fifth 
term represents shifting of the relative frequency due to variations in depth and 
currents (with propagations velocity cσ in σ-space). For large-scale computations, 
including global scales, the spectral action balance equation in SWAN is optionally 
formulated in terms of spherical co-ordinates: 
𝝏𝑵( 𝝈,𝜽; 𝝀,𝝋, 𝒕)
𝝏𝒕
+
𝝏𝒄𝒈,𝝀𝑵(𝝈,𝜽; 𝝀,𝝋, 𝒕)
𝝏𝝀
+ (𝒄𝒐𝒔𝝋)−𝟏
𝝏𝒄𝒈,𝝋𝒄𝒐𝒔𝝋𝑵(𝝈, 𝜽; 𝝀,𝝋, 𝒕)
𝝏𝝋
+
𝝏𝒄𝜽𝑵(𝝈,𝜽; 𝝀, 𝝋, 𝒕)
𝝏𝜽
+
𝝏𝒄𝝈𝑵(𝝈,𝜽; 𝝀, 𝝋, 𝒕)
𝝏𝝈
=
𝑺(𝝈, 𝜽; 𝝀,𝝋, 𝒕) 
𝝈
 
with longitude λ and latitude φ. 
In stationary situations, time is removed from the formulations (the first term on the 
left hand side of each of the above balance equations) and, in one-dimensional 
situations, the variation in the y-direction is removed. For such situations, the 
computations in SWAN are carried out with the much reduced one dimensional 
energy balance equations: 
𝜕𝑐𝑔,𝑥𝐸(𝜔, 𝜃; 𝑥, 𝑦, 𝑡)
𝜕𝑥
+
𝜕𝑐𝜃𝐸(𝜎, 𝜃; 𝑥, 𝑦, 𝑡)
𝜕𝜃
= 𝑆(𝜔, 𝜃; 𝑥, 𝑦, 𝑡)  
stationary, one-dimensional, no currents. 
 2.1 Source terms 
The source term S(σ, θ), on the right-hand side of the action balance equation, 
represents the effects of generation, dissipation, and nonlinear wave-wave 
interactions. It is given by 
𝑆(𝜎, 𝜃) = 𝑆𝑖𝑛(𝜎, 𝜃) + 𝑆𝑏𝑟𝑘(𝜎, 𝜃) + 𝑆𝑓𝑟𝑐(𝜎, 𝜃) + 𝑆𝑤𝑐(𝜎, 𝜃) + 𝑆𝑛𝑙3(𝜎, 𝜃) + 𝑆𝑛𝑙4(𝜎, 𝜃) 
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These terms represent, respectively, generation by wind, dissipation due to depth-
induced surf-breaking, dissipation due to bottom friction, dissipation due to white-
capping, triad and quadruplet nonlinear wave-wave interactions. 
 
Figure 1  The importance of the various processes affecting the oceanic and coastal waters. 
In deep water, three source terms are used: the transfer of energy from the wind to 
the waves, Sin ; the dissipation of wave energy due to white-capping, Swc ; and the 
nonlinear transfer of wave energy due to quadruplet (four wave) interation, Snl4 . In 
shallow water, dissipation due to bottom friction, Sfrc , depth-induced breaking, Sbrk 
, and nonlinear triad (three wave) interaction, Snl3, are additionally accounted for 
(van der Westhuysen 2010). In stationary situations, time is removed from the 
formulations (the first term on the left-hand side of each of the above balance 
equations) and, in one-dimensional situations, the variation in the y-direction is 
removed.  
 
 2.2 Wind input 
The wind speed that is used to drive SWAN is the wind speed at 10-m elevation U10 
but, in the actual computations, it is converted into the friction velocity u* with: 
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𝑢∗ = 𝐶𝐷𝑈10
2  
in which CD is the wind-drag coefficient. For the WAM Cycle III formulation in 
SWAN, the value of CD is determined with an expression (Wu (1982)): 
 
The wave generation by wind is described with the mechanism of Miles, the source 
term is: 
𝑆𝑖𝑛(𝜎, 𝜃) = 𝛼 + 𝛽𝐸(𝜎, 𝜃) 
For the initial wave growth (the term α), the empirical expression of Cavalieri and 
Malanotte-Rizzoli(1981) is used, with a cut-off to avoid growth at frequencies lower 
than the Pierson-Moskowitz frequency: 
𝛼 =
{
 
 
 
 1.5 ∗ 10
−3
𝑔22𝜋
[𝑢∗ cos(𝜃 − 𝜃𝑤𝑖𝑛𝑑)]
4 ∗ 𝐺     𝑓𝑜𝑟 |𝜃 − 𝜃𝑤𝑖𝑛𝑑| ≤ 90°
0                           𝑓𝑜𝑟|𝜃 − 𝜃𝑤𝑖𝑛𝑑| > 90°
}
 
 
 
 
 
where the cut-off function G is 
G=𝑒
[−(
𝜎
𝜎𝑃𝑀
∗ )^−4]
       with   𝜎𝑃𝑀
∗ = 2𝜋
0.13𝑔
28𝑢∗
 
θwind  is the wind direction and  𝜎𝑃𝑀
∗  is the peak frequency of the Pierson and 
Moskowitz (1964) spectrum, reformulated in terms of friction velocity. The effects 
of currents are accounted for in SWAN by using the relative local wind speed and 
direction. It is also possible choose to impose initial wave conditions with a 
JONSWAP spectrum and  a cos2 θ directional distribution centred on the local wind 
direction (the significant wave height and peak frequency are obtained from the local 
wind and a fictitious fetch equal to the numerical grid steps Δx and Δy averaged 
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over the computational domain used in the growth curve of Kahma and 
Calkoen(1992). 
For the WAM Cycle III formulation in SWAN, the coefficient β for exponential 
wave growth is taken from Snyder et al. (1981) and Komen et al. (1984): 
𝛽 = 𝑚𝑎𝑥 {0,   0.25
𝜌𝑎𝑖𝑟
𝜌𝑤𝑎𝑡𝑒𝑟
[28
𝑢∗
𝑐
𝑐𝑜𝑠[(𝜃 − 𝜃𝑤𝑖𝑛𝑑) − 1]]} 𝜎 
where c is the phase velocity and ρair and ρwater are the densities of air and water, 
respectively. For the WAM Cycle IV formulations in SWAN, the value of the 
coefficient β is taken from Komen et al. (1994): 
𝛽 = 𝑚𝑎𝑥 {0,   𝛾
𝜌𝑎𝑖𝑟
𝜌𝑤𝑎𝑡𝑒𝑟
[(
𝑢∗
𝑐
)
2
∗ cos⁡^ 2[(𝜃 − 𝜃𝑤𝑖𝑛𝑑)]]} 
where γ is due to Janssen (1991): 
 𝛾 =
1.2
𝑘^2
𝜆ln⁡^ 4𝜆 
where 
𝜆 =
𝑔𝑧𝑒
𝑐^2
𝑒
[
𝑘𝑐
|𝑢∗|
𝑐𝑜𝑠(𝜃−𝜃𝑤𝑖𝑛𝑑)]      for λ ≤ 1 
β=0                                    for λ >1 
and k is the von Karman constant, equal to 0,41, and ze is the effective surface 
roughness. The friction velocity u* is computed with (Janssen, 1991): 
𝑈10 =
𝑢∗
𝑘
ln (
10 + 𝑧𝑒 − 𝑧0
𝑧𝑒
) 
in which z0 is the surface-roughness length and ze is the effective surface-roughness 
length: 
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𝑧0 = 0.001
𝑢∗
2
𝑔
     𝑎𝑛𝑑      𝑧𝑒 =
𝑧0
√(1 − (
𝜏𝑤𝑎𝑣𝑒
𝜏 ))
 
where τ is the total surface stress ( 𝜏 = 𝜌𝑎𝑖𝑟𝑢∗
2 ) and τwave  is the wave-induced stress, 
which is given by 
𝜏𝑤𝑎𝑣𝑒 = 𝜌𝑤𝑎𝑡𝑒𝑟∫ ∫ 𝜎𝛽𝐸(𝜎, 𝜃)𝑑𝜃𝑑𝜎
∞
0
2𝜋
0
 
For a given wind speed U1O and a given wave spectrum E(σ, θ), the value of u*  can 
thus be determined. In SWAN, the iterative procedure of Mastenbroek et al. (1993) 
is used. 
 2.3 Bottom friction dissipation 
Dissipation is represented in SWAN by white-capping Swc (σ, θ), bottom friction Sfrc 
(σ, θ) and depth-induced breaking Sbrk (σ, θ). In this study are treated only the bottom 
friction dissipation and depth-induced breaking, especially the depth-induced 
breaking is treated through the four different dissipation theories. Bottom friction is 
one of the physical mechanisms for the dissipation of wave energy in shallow water 
for continental shelf seas with sandy bottoms. Various parameterizations exist which 
can be expressed in the following source term form: 
𝑆𝑏𝑓𝑟(𝜎, 𝜃) = −
𝐶𝑏𝑓𝑟
𝑔
[
𝜎
sin ℎ(𝑘𝑑)
]
2
𝐸(𝜎, 𝜃)𝑢𝑟𝑚𝑠,𝑏𝑜𝑡𝑡𝑜𝑚 
in which Cbfr  is a bottom-friction coefficient, urms,bottom is the root-mean-square 
orbital bottom velocity, d the water depth and k the wave number. Considering the 
large variations in bottom conditions in coastal areas (bottom material, bottom 
roughness length, ripple height, etc.), there is no field data evidence indicating that 
one should give preference to a particular model with which to estimate Cbfr . 
Movable-bed effects are ignored in SWAN and three bottom-friction models have 
been implemented: the drag-law model of Collins (1972), the eddy-viscosity model 
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of Madsen et al. (1988) and the empirical JONSWAP model of Hasselmann et al. 
(1973). In this study is treated as default in SWAN only the empirical JONSWAP 
model of Bouws and Komen (1983) because our study is in shallow water and under 
wind-sea conditions. 
 
The JONSWAP model is  
𝐶𝑏𝑓𝑟 = 𝐶𝐽𝑂𝑁𝑆𝑊𝐴𝑃 = 0.038/𝑢𝑟𝑚𝑠,𝑏𝑜𝑡𝑡𝑜𝑚  
for swell dissipation over sandy bottom (Hasselmann et al.,1973), and  
𝐶𝑏𝑓𝑟 = 𝐶𝐽𝑂𝑁𝑆𝑊𝐴𝑃 = 0.067/𝑢𝑟𝑚𝑠,𝑏𝑜𝑡𝑡𝑜𝑚 
for fully developed wind-sea conditions in shallow water (Bouws and Komen,1983). 
This difference suggests that the one value should be used for swell conditions and 
other value for wind-sea conditions(Zijlema, van Vledder et al. 2012). These values 
are chosen as default in the SWAN wave model. Hasselmann et al. (1973) observed 
swell in shallow water during the Joint North Sea Wave Project (JONSWAP) and 
estimated the bottom friction coefficient directly from the observed decay. Bouws 
and Komen (1983) estimated the same coefficient in a storm by closing the local 
energy balance of the waves. During JONSWAP, Hasselmann et al. (1973) observed 
several hundred spectra in shallow water with well-defined low-frequency swell 
peaks. As these were tracked along a number of observation stations, the dissipation 
of these swells could be quantified. The corresponding bottom friction coefficient 
was estimated on the basis of a quadratic friction law for the bottom shear stress: 
𝜏𝑏 = 𝜌𝑤𝐶𝑏𝑢𝑏
2 
in which τb is the shear stress, ρw is the density of water, Cb is a bottom drag 
coefficient and ub is the current velocity just outside the turbulent bottom boundary 
layer(Zijlema, van Vledder et al. 2012). In general bottom dissipation depends on 
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the bottom material and related parameters such as grain diameter in the case of sand 
and also bed shaped such as ripples, or wave induced bed movement. 
 
 
 
 2.4 Depth-induced wave-breaking 
The dissipation of wave energy in SWAN is represented by the summation of three 
different contributions: white-capping, bottom friction and depth-induced wave 
breaking. Among the three different processes, the dissipation process of depth-
induced wave breaking is still not well understood and little is known about its 
spectral modelling. SWAN’s bore-based dissipation model to account for wave 
breaking contains some simplifying assumptions. In this study are investigated 
four models for depth-induced wave breaking, the classical and widely accepted 
model of Battjes & Janssen (1978), the model of Nelson(1993), the model of 
Ruessink(2001) and the model of Thornton & Guza(1983). Recently Baldock 
(1998) and Vink (2001) have developed new dissipation models follow the Battjes 
and Stive (1985) expression. 
 
2.4.1 Battjes & Janssen   
 Battjes & Janssen(1978)  took the very first step in this field and introduced their 
pioneer model which has since been modified and refined by others (e.g. Thornton 
& Guza (1983)). The depth-induced wave breaking expression of Battjes & 
Janssen (1978), which was developed for surf zone environments and used in 
default mode in SWAN, has proven to be successful in a wide range of situations. 
This formulation has mainly been studied for the case of waves from deeper water 
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breaking on a beach. The main calibration parameter in the formulation of Battjes 
& Janssen is the breaker index γBJ, originally used with a constant value of 0.8. 
Later studies proposed dependencies of γBJ on various wave field variables. 
Sensitivity and calibration studies for the Dutch Wadden Sea and shallow Dutch 
lakes suggest that depth-induced breaking has a significant impact on model results 
in these regions, and that relatively high values of approximately γBJ = 0.8–0.95 
are required to correct the systematic under prediction of significant wave heights 
here. These results suggest that higher values of γBJ   than the current default setting 
in SWAN (a constant γBJ = 0.73, based on the mean of the optimal values compiled 
by Battjes & Stive ,1985). This would imply a separate calibration setting for this 
class of field conditions, limiting the generality of SWAN and similar models. 
 
The Battjes & Janssen model consists of two important elements: the probability 
of breaking and the dissipation of energy in a single breaking wave. The total 
energy dissipation is given by the product of the dissipation in a breaking wave 
(D) and the probability of the occurrence of a breaking wave (Qb). 
Energy balance 
For one-dimensional propagation in the x-direction, with only breaking dissipation 
term and assuming a steady state on the time scale of several (periodic) waves or 
(random) wave groups, the energy balance can be written as 
 
𝑑𝐹
𝑑𝑥
+ 𝐷 = 0 
in which F is the average wave energy flux per unit span and D the average rate of 
energy dissipation per unit area due to breaking. In the linear approximation, the 
flux can be expressed as 
𝐹 = 𝐸𝑐𝑔 =
1
8
𝜌𝑔𝐻𝑟𝑚𝑠
2 𝑐𝑔 
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in which E is the average wave energy per unit area, Hrms the root-mean-square 
wave height, and cg the group velocity, which for given depth and wave frequency 
is determined by the linear dispersion relation: 
𝐶𝑔 = 𝐶
1
2
(1 +
2𝑘ℎ
sinh 2𝑘ℎ
) 
where C is the wave phase velocity, k  is the wave number, h is the water depth, 
and θ is the wave angle. 
 
Wave height distribution 
Battjes & Janssen defined for each value of depth h a maximum possible wave 
height Hm (or Hmax), and assumed that the heights of all the waves which were 
breaking at the point considered, were equal to Hm . This is a big simplification, 
not all the heights of broken waves passing a fixed point are equal. The bore-based 
model assumes an underlying truncated Rayleigh probability density function 
(equation below) to describe the distribution of random breaking waves. This 
assumption confines all breaking and broken waves to have the same maximum 
attainable wave height at any local depth. 
 
Figure 2 Rayleigh probability density function 
 
27 
 
 
𝐹(𝐻) = 𝑃(𝐻 ≤ 𝐻 = 1 − 𝑒𝑥𝑝 (−
1
2
𝐻2/?̂?2)   𝑓𝑜𝑟  0 ≤ 𝐻 ≤ 𝐻𝑚 
= 1        𝑓𝑜𝑟 𝐻𝑚 ≤ 𝐻 
 
in which the underscore indicates a random variable and the value of   ?̂? is Hrms .  
Based on this assumption, Battjes & Jansen (1978) derived Qb  which is the ratio 
of breaking waves over the total number of waves. Qb, used to model the random 
nature of wave breaking, is equal to the area under the delta function at Hb of the 
truncated Rayleigh wave height pdf. 
The value of Hrms  is defined by 
    𝐻𝑟𝑚𝑠 = (∫ 𝐻
2𝑑𝐹(𝐻)
∞
0
)
1
2 
and  the probability that a given  point a height is associated with a breaking wave 
(Qb) is equals to 
  𝑄𝑏 = Pr⁡(𝐻 = 𝐻𝑚) 
Deriving the truncated Rayleigh probability density function and substituting in 
the integral of Hrms : 
𝑑𝐹(𝐻) = 𝐻𝑒𝑥𝑝(
−
1
2𝐻
2
?̂?2
)𝑑𝐻 
𝐻𝑟𝑚𝑠
2 = ∫ 𝐻2𝑑𝐹(𝐻)
∞
0
         →          𝐻𝑟𝑚𝑠
2 = ∫ 𝐻3𝑒𝑥𝑝(
−
1
2
𝐻2
?̂?2
)𝑑(𝐻)
∞
0
 
 
→⁡𝐻𝑟𝑚𝑠
2 = ∫ −2𝐻2𝑒𝑥𝑝 (
−
1
2
𝐻2
?̂?2
)𝑑 −
1
2
𝐻2
∞
0
       → 
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𝐻𝑟𝑚𝑠
2 = ∫ 4(−
1
2
𝐻2) 𝑒𝑥𝑝 (
−
1
2
𝐻2
?̂?2
)𝑑 −
1
2
𝐻2
∞
0
   →   with  𝑦 = −
1
2
𝐻2 → 
 
𝐻𝑟𝑚𝑠
2 = ∫ 4𝑦𝑒𝑥𝑝 (
𝑦
?̂?2
) 𝑑𝑦
∞
0
        this integral is of the form     ∫ 𝑥𝑒𝑥 𝑑𝑥
∞
0
 
 
     lim
𝑦→−∞
4 [𝑒𝑥𝑝 (
𝑦
?̂?2
) (𝑦?̂?2 − ?̂?4)] 
using   
𝑄𝑏 = 𝑒𝑥𝑝 (−
1
2
𝐻𝑚
2 /?̂?2) 
 
we obtain  
𝐻𝑟𝑚𝑠
2 = 2(1 − 𝑄𝑏)?̂?
2            
Instead of using ?̂? we use Hrms   and eliminating ?̂? we obtain 
𝑄𝑏 = 𝑒𝑥𝑝(
−
1
2𝐻𝑚
2
𝐻𝑟𝑚𝑠2
2(1 − 𝑄𝑏)
) 
and finally 
1 − 𝑄𝑏
ln 𝑄𝑏
= −(
𝐻𝑟𝑚𝑠
𝐻𝑚
)
2
 
It expresses the fraction of waves which at any one point are breaking in terms of 
the ratio of the rms wave height actually present, to the maximum wave height 
which the given depth can sustain. 
Qb depends to the depth and varies from 0 to 1: 
deep water    Hrms/Hm → 0     gives Qb → 0 
If the waves are shoaling the ratio Hrsm/Hm tend to increase and the same Qb; 
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In the limit (shallow water)  Hrms/Hm → 1    gives Qb → 1 is a degenerate case and 
it corresponds to all the waves being broken and all the waves heights being equal 
to Hm . 
 
Energy dissipation 
Battjes and Janssen using the head loss due to a hydraulic jump to approximate 
energy loss in a broken wave. This assumption restricts regions upstream and 
downstream of the breaker to uniform flow. However, it has been found that wave 
breaking creates regions of nonlinear and non-uniform flow in its immediate 
upstream and downstream vicinity, in contrast to assumption of the hydraulic jump 
model. 
 
Figure 3 Hydraulic jump. 
 
Battjes & Janssen considered a bore connecting two region of uniform flow, with 
depths Y1 and Y2 ; using Bernoulli  and Belanger equations(Lamb 1932), the head 
loss ΔDiss (energy per unit weight (m) ) caused by the jump in the free surface is  
 
∆𝐷𝑖𝑠𝑠 =
(𝑌2 − 𝑌1)
3
4𝑌1𝑌2
 
The average rate of energy dissipation per unit area is 
𝐷′ =
1
4
𝜌𝑔
(𝑌2 − 𝑌1)
3
𝑌2𝑌1
𝑄 
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in which Q is the volume discharge per unit area across the bore; this energy 
equation cannot be expected to apply in an exact sense due to its assumption but 
in order of magnitude. 
They estimated the values of Y1=Y2=h (in this case h is the water depth) and 
simplify the expression: 
 𝑌2 − 𝑌1~𝐻. 
The average rate of energy dissipation per unit area is 
 
𝐷′ =
1
4
𝜌𝑔
(𝐻)3
ℎ2
𝑄 
 
 
Various formulation have been suggested for the bore discharge Q. The simplest 
description of Q for waves is for linear periodic bore: 
  𝑄 =
𝐶ℎ
𝐿
  
where C is the wave speed and L is the wave length. The bore dissipation function 
is used to describe only the breaking waves of the random wave distribution. 
Frequency f  is related with C and L by C=Lf , and then the average power 
dissipated in the breaking process, per unit area is 
  𝐷 =
1
4
𝑓𝜌𝑔
𝐻3
ℎ2
(
𝐶ℎ
𝐿
)  and 
𝐷 =
1
4
𝑓𝜌𝑔
𝐻3
ℎ
 
 
In application to random waves, we want the value of the dissipated power per unit 
area and this can be estimated by applying the equation above to the broken waves. 
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In this model these waves have a height equal to Hm (calculated based on Miche’s 
criterion for maximum height of periodic waves of constant form) and a probability 
of occurrence equal to Qb   and the mean frequency 𝑓 ̅of the energy spectrum is 
used as a representative value of f. 
If the ratio Hm/h is dropped from the order of magnitude relationship, we obtain 
the global mean dissipation rate per area 
 
   𝐷~
1
4
𝑄𝑏𝜌𝑔𝑓̅𝐻𝑚
2               written as equality 
 
𝐷 =
𝛼𝐵𝐽
4
𝑄𝑏𝜌𝑔𝑓̅𝐻𝑚
2  
in which αBJ  is a proportionality coefficient of order 1. 
In order to find the probability of breaking Battjes & Janssen used the expression 
for the maximum breaker height based on a Miche’s expression for the maximum 
wave height of periodic waves of constant form. The following form was finally 
adopted: 
𝐻𝑚 = 0.88𝑘
−1 tanh (
𝛾𝑘ℎ
0.88
) 
This expression contain two limit states: 
1)for kd → ∞          𝐻𝑚 = 0.14𝐿𝑝  ,with LP the wavelength of the peak frequency 
2)for kd→0            𝐻𝑚 = 𝛾𝐵𝐽ℎ       (shallow water) 
As we have seen before Battjes & Janssen for the breaker index γBJ, originally used 
a constant value of 0.8, but then empirical results suggest a lower value γBJ = 0.73, 
based on the mean of the optimal values compiled by Battjes & Stive ,1985. 
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Baldock (1998) and Vink( 2001) models 
Baldock et al. (1998) changed the dissipation rate proposed by Battjes & Janssen 
(1978), by applying the full Rayleigh distribution across the surf zone. For this 
reason a greater dissipation from the highest waves is included in the model (this 
approach is more realistic) and these waves will dissipate more 
energy(Rijkswaterstaat 2002). Using a full Rayleigh distribution, Baldock obtain 
a different estimate for the fraction of breaking waves: 
𝑄𝑏 = ∫ 𝑝(𝐻)𝑑𝐻 = 𝑒𝑥𝑝 [− (
𝐻𝑏
𝐻𝑟𝑚𝑠
)
2
]
∞
𝐻𝑏
 
The totally energy dissipation rate is found by multiplying the energy dissipation 
due to each broken wave by the probability of that wave height occurring. By 
combining two equations, Baldock obtains 
𝐷𝑡𝑜𝑡 =
𝛼𝐵𝐽
4
𝑄𝑏𝑓?̅?𝑔𝐻𝑚
2  
𝑄𝑏 = 𝑒𝑥𝑝 [− (
𝐻𝑏
𝐻𝑟𝑚𝑠
)
2
] 
𝐷𝑡𝑜𝑡 =
𝛼
4
1
𝑇𝑃
𝜌𝑔∫ 𝐻2𝑝(𝐻)𝑑𝐻
∞
𝐻𝑏
=
𝛼
4
1
𝑇𝑃
𝜌𝑔𝑒𝑥𝑝 [− (
𝐻𝑏
𝐻𝑟𝑚𝑠
)
2
] (𝐻𝑏
2 + 𝐻𝑟𝑚𝑠
2 ) 
 
The breaker height is defined by the breaker parameter as in the model of Battjes 
and Janssen 𝛾 =
𝐻𝑏
ℎ
  with the same parameters α and γ. 
Vink (2001) follows the theory of Battjes & Steve (1985) but changing one term; 
Battjes & Steve proposed an expression for the breaker parameter including the 
deep-water steepness: 
𝛾 = 𝑎 + b tanh(𝑐𝑠0) 
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where s0  is the deep-water steepness and the formulation is s0=H0/L0 , where H0 
and L0 are the deep water wave height and lenght. Battjes & Steve calibrated with 
laboratory and field data the value of a, b, c ,finding a=0.5 , b=0.4 , c=33 . 
Vink (2001) presented some results of his experiments in which the incident wave 
steepness was replaced by the local wave steepness in the expression for the 
breaker parameter γ. In its present formulation the breaker parameter increases 
with if the wave steepness increases.  
 
2.4.2 Thornton & Guza 
In the bore-based model by Battjes & Janssen, the truncated Rayleigh pdf applied 
in the surf zone includes breaking, broken and non-breaking waves. Battjes & 
Janssen assume that the highest waves that break have  Hm. However, observations 
of random waves showed that when waves occasionally broke, and it was not 
always the largest waves that broke. Thornton & Guza based on field data from 
experiments conducted at Torrey Pines Beach, California (1978) and 
measurements made at Soldiers Beach, Monterey, California, specified the pdf of 
breaking wave heights by fitting empirical equations to observations. 
The model of Thornton & Guza can be regarded as a variant of the Battjes & 
Janssen model, with alteration primarily to the description of the wave height 
probability density function because they adopted a full Rayleigh distribution. In 
Thornton & Guza  the total energy dissipation due to depth-induced breaking is 
modelled (just like Battejes & Janssen) after a periodic bore. The rate of energy 
dissipation per unit area for each bore using the description for Q (bore discharge) 
is 
𝐷 =
1
4
𝑓𝜌𝑔
𝐻3
ℎ
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Thornton and Guza calculated the average rate of energy dissipation by 
multiplying the dissipation for a single broken wave of height H by the probability 
of wave breaking at each height. 
 
𝐷𝑡𝑜𝑡 =
𝐵3
4
𝑓̅
ℎ
∫ 𝐻3𝑝𝑏(𝐻)𝑑𝐻
∞
0
 
in which B is a proportionality coefficient(obtained from a calibration of field data) 
and pb (H) is the fraction of waves breaking at each wave height H. In this case Qb 
is the fraction of all waves which are breaking and it is defined by 
𝑄𝑏 = ∫ 𝑝𝑏(𝐻)𝑑𝐻
∞
0
 
 
Based on field observations, the wave heights in the surf zone are assumed to 
remain Rayleigh distributed, even after breaking. This implies that all waves will 
break, not only the highest, as assumed by Battjes & Janssen(van der Westhuysen 
2010). The probability of wave breaking pb(H) is obtained by multiplying the 
Rayleigh wave height probability density function p(H), given by 
 
𝑝(𝐻) =
2𝐻
𝐻𝑟𝑚𝑠
2 𝑒𝑥𝑝 [− (
𝐻
𝐻𝑟𝑚𝑠
)
2
] 
 
by a weighting function defined so that  
0 ≤ W (H) ≤ 1, to yield 
𝑝𝑏(𝐻) = 𝑊(𝐻)𝑝(𝐻). 
Two alternatives for the weighting function are proposed by TG. In the first, the 
fraction of breaking waves is independent of the wave height, and is expressed as: 
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𝑊(𝐻)1 = (
𝐻𝑟𝑚𝑠
𝛾𝑇𝐺ℎ
)
𝑛
 
 
with a calibration parameter n=2 gave the best empirical fit to experimental data 
and a breaker index γTG  that for Torrey Pines experiment the breaking parameter 
used is γTG = 0.42 . 
 In the second alternative, the weighting function is skewed toward larger waves, 
to better represent the observations  
𝑊(𝐻)2 = (
𝐻𝑟𝑚𝑠
𝛾𝑇𝐺ℎ
)
𝑛
{1 − 𝑒𝑥𝑝 [− (
𝐻
𝛾𝑇𝐺ℎ
)
2
]} 
The global mean dissipation rate per area for Thornton & Guza is 
𝐷 =
𝐵3
4
𝑓̅
ℎ
𝜌𝑔𝐻3𝑄𝑏 
 
 
 
 
 
 2.4.3 Nelson 
In general, when the bed slopes become mild (about 0.01), the limiting ratio of 
wave height (H) to water depth ( h ) agrees well with values predicted by wave 
theories( H/h ≈0.8), this theory is based on the assumption of waves travelling at 
constant celerity in water of constant depth(Nelson 1994). The expectation of 
many laboratory experiment has been to get for the H/h ratio a value of 0.8 for 
stable, shallow water periodic wave trains in horizontal beds but this expectation 
has never been realized. Nelson tested that the upper limit value for the ratio H/h 
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for shallow water over a horizontal bed is 0.55, a value considerably less than 0.8. 
Expressions for depth-induced breaking in phase averaged wave models have 
traditionally featured a basic dependency on the ratio of wave height to water 
depth.  
Nelson in his laboratory experiments (flume experiments) has suggested the use of 
shallow water nonlinearity in the context of wave breaking, he applies a shallow 
water nonlinearity parameter (FC) 
𝐹𝑐 =
𝑔1.25𝐻0.50𝑇2.50
ℎ1.75
 
This is a particularly useful parameter because it is a function of variables that may 
be measured at a point; this parameter is a function of T, h and H where T is the 
wave period, H is the wave height and h is the water depth. According to Nelson 
waves with the same FC  have approximately the same relative wave shape(Nelson 
1994). Values of FC are corresponding to the classification of “shallow”, 
”transitional”, and “deep” water waves : 
 
Shallow water waves                   500 < FC 
Transitional water waves               10 < FC < 500 
Deep water waves                                  FC < 10 
 
Using laboratory data Nelson find an envelope curve (FC , H/h ) indicating that the 
maximum H/h ratio for stable shallow water periodic waves over a horizontal bed 
is 0.55,  
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Figure 4 Nelson envelope curve, laboratory experiment. 
 
and this curve is            
𝐻
ℎ
=
𝐹𝐶
22+1.82𝐹𝐶
 
for both transitional and shallow water waves. For these laboratory experiments 
were used different experimental equipment and experimental arrangement (flume 
dimension, depth, length, bed profiles, wave generator types). The results 
demonstrate that no matter what arrangement or combination or experimental 
equipment was used, all the data conform with the envelope curve, the maximum 
value of the ratio H/h for stable shallow water periodic waves over horizontal bed 
never exceeded 0.55. This experiment also shows that for data sets with a bed slope 
of 0.010 the wave mechanism was influenced and the limiting value of H/h 
increase to 0.8 and greater. The field experiment knows as the REEF88 experiment 
was undertaken on the Great Barrier Reef (Australia); the scope of this experiment 
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was to study the maximum height of stable oscillatory waves in random wave 
trains propagating in depth limited conditions over a horizontal bed. The field 
results plotted like the laboratory experiment ((H/h)max , FC ) gives the same results 
of the envelope curve, and the largest value of (H/h)max  was 0.55. 
 
Figure 5 Nelson envelope curve, field experiment. 
Both in the laboratory and in the field, the value of 0.55 is the largest wave height 
to water depth ratio possible for stable, shallow water oscillatory waves 
propagating in water of constant depth (horizontal bed)(Nelson 1994).  
The value of 0.55 is much lower than that often used in engineering practice, 
namely a value of about 0.8 which is historically based on theoretical 
considerations and laboratory experiments associated with solitary waves.  The 
0.55 limit is applicable to the location on coral reef platform where the distance 
from the reef edge is sufficient for the waves to reform into oscillatory waves. 
(Nelson 1994). According to Nelson the limiting wave heights on mild slopes 
(0.01) are quite different to those for horizontal beds. 
 
 
 
2.4.4 Ruessink 
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Ruessink  in his studies found systematic Hrsm over predictions of up to 60% in the 
inner bar trough of the double-barred beach at Egmond and Zee (Netherlands), but 
far better model–data agreement (without systematic over predictions) in the outer 
bar trough. He realized that predictions of wave heights are generally good (even 
in multiple barred situations) in comparison with predictions of Q, radiation-stress 
related quantities (such as alongshore currents and undertow), and sediment 
transport(Ruessink, Walstra et al. 2003). 
Ruessink proposed an empirical improvement to Battjes & Janssen (1978) based 
cross-shore wave height modelling by implementing a new functional form for γ. 
The calibration of the wave model is approached through an inverse modelling of 
the wave energy balance from detailed Hrms observations across a bar at Duck, NC, 
USA.  
Ruesseink applied the Battjes & Janssen(1978) wave model in which the truncated 
Rayleigh distribution is replaced by a Rayleigh distribution. For shore parallel 
depth contours the energy balance is 
𝑑𝐹
𝑑𝑥
+ 𝐷 = 0 
 
𝐹 = 𝐸𝑐𝑔 =
1
8
𝜌𝑔𝐻𝑟𝑚𝑠
2 𝑐𝑔 
where x is the cross-shore coordinate, positive onshore, ρ is the water density, g is 
the gravitational acceleration and cg  is the group velocity evaluated at the 
representative wave period. According to Baldock et al. (1998)  
𝐷 =
𝛼
4
1
𝑇𝑃
𝜌𝑔𝑒𝑥𝑝 [−(
𝐻𝑏
𝐻𝑟𝑚𝑠
)
2
] (𝐻𝑏
2 +𝐻𝑟𝑚𝑠
2 ) 
 
in which α=1 and Hb  is the breaker height of Battjes & Janssen (1978)  
 
40 
 
𝐻𝑏 = 0.88𝑘
−1 tanh (
𝛾𝑘ℎ
0.88
) 
 
where k is the wave number (the formulation  is k=2π/L )of the representative 
period, h is the water depth.  This expression contain two limit states: 
 
1)for kd → ∞          𝐻𝑚 = 0.14𝐿𝑝  ,with LP the wavelength of the peak frequency 
2)for kd→0            Hm  = γRUE h      (shallow water) 
 
The calibration of the model is approached through an inverse modelling of these 
equations to yield the cross shore distribution of γ. The wave model with γ was 
verified against three extensive Hrms data sets at Duck and Egmond in Netherlands 
The Ruessink parameter is a locally varying parameter that increases linearly with 
the product of the local wave-number and water depth kh : 
𝛾𝑅𝑈𝐸 = 0.76𝑘ℎ + 0.29. 
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Summary table 
Battjes & 
Janssen 
Thornton & 
Guza 
Nelson Ruessink 
 
Only the 
highest waves 
will break 
(HMAX) 
 
All the waves 
will break, not 
only the 
highest 
 
Empirical(depending 
on the slope) 
 
 
Empirical(depending 
by water depth and 
wave number) 
Rayleigh 
probability 
function 
truncated at 
HMAX 
Rayleigh 
probability 
function 
multiplied by a 
function 
 
No probability 
distribution 
 
Full Rayleigh 
distribution 
𝐻𝑚 = 𝛾𝐵𝐽ℎ 
γBJ =0.73 
B, n calibration 
parameter 
γTG =0.42 
 
H/h= 0.55 
 
 γRUE =0.76kh + 0.29 
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3 .  D e s c r i p t i o n  o f  d a t a  s e t  
3.1 Belgian coast 
The Belgian continental shelf is located in the southern North Sea. It is constituted 
by a complex and shallow bathymetry characterized by the presence of sand banks. 
From the socio-economical point of view, this area is subject to extensive pressure 
from different marine related activities. Wave conditions in the study area are 
characterized by the presence of wind-seas driven by the moderated local 
meteorological conditions. 
 
 
Figure 6 Belgian coast. 
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Figure 7 Belgian sand banks. 
3.1.1 Data sources 
A common technique for measuring wave height is to register the heave motion of 
an object floating on the water surface (i.e., buoy). This can be done directly by 
measuring the vertical acceleration of the buoy with an electronic instrument called 
accelerometer. The basic principle of the accelerometer is to detect the not 
gravitational forces acting on a mass-spring-like system. The vertical displacement 
is obtained by integrating twice the acceleration with respect to time. In order 
provide the accelerometer with a vertical axis, the sensor is mounted on a sphere 
of stabilizing liquid that serves as an artificial horizon (Datawell manual 2006, 
Holthuijsen 2007). Directional information can be obtained by measuring the 
buoy’s horizontal accelerations with two extra accelerometers fixed to the north-
south and east-west axes of the buoy. Complementary, pitch and roll angles of the 
stabilizing liquid are determined by an array of coils mounted on the buoy, and the 
geographic north is determined with an on board compass (Datawell manual 2006). 
Power spectral density is obtained from the times series of the vertical 
displacements by applying standard Fast Fourier Transform techniques. Some 
information about the directional distribution can be derived from the vertical and 
horizontal displacements by applying standard cross-spectral analysis. From that 
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analysis wave directional parameters per frequency (e.g., mean wave direction, 
directional spread) can be obtained. (Datawell manual 2006). 
Buoy measurements within the study area are available for the Belgian continental 
shelf through the monitoring network of the Flemish Community, Waterways and 
Marine Affairs Administration (Afdeling Kust|MDK-VLIZ 2008, 
http://www.meetnetvlaamsebanken.be). Directional and non-directional 
measurements are available at a number of locations. The directional data 
delivered consist of energy spectral density, man wave direction, and directional 
wave spreading. Non-directional data contain only energy spectral density. 
Additionally, there are a number of Dutch buoys in the area operated by the 
Ministerie van Verkeer en Waterstaat of the Nederlands (ZEGE Meetnet 2008). In 
figure some of the buoy locations within the study area are indicated. 
 
Figure 8 Buoy 
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Figure 9 Buoy position. 
 
Figure 10 Buoy position in the Belgian grid. 
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In this study we focused on two buoys:one is located in Westhinder(on the border 
of our computational grid), the other one is located in Trapegeer (about 30 km from 
the coast line). 
BUOY LOCATION NETWORK TYPE LONG. LAT. 
WHI Westhinder MDK Waverider 2°26’54’’ 51°23’20’’ 
TRG Trapegeer MDK Waverider 2°34’59’’ 51°08’15’’ 
Figure 11 Buoy features. 
The buoy located in Westhinder is a wavec buoy (DB1); the data delivered are: 
1) 100 energy component expressed in cm2 *s 
2) direction of the energy components expressed in ° 
3) spread values for direction of the energy components, expressed in ° 
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Figure 12 Output data Westhinder buoy. 
The buoy located in Trapegeer is a non-directional buoy (GB1); the data delivered 
are 61 spectral energy values of the 61 available frequency components expressed 
in cm2 *s (0.0031 Hz – 0,5 Hz). 
 
 
Figure 13 Spectral energy Trapegeer buoy 
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3.1.2 Model grid 
The wave model domain is extended towards the 66 km of the Belgian coast. From 
the practical point of view, a detailed spatial resolution grid over the whole North 
Sea is undesirable in view of the high computational demands, but it is required, 
on the other hand, at the study area to account for bathymetric effects in the wave 
evolution. 
The origin of the grid and the direction of the positive x-axis of this grid can be 
chosen arbitrary. In this case the grid is rectangular; the origin of the grid is the 
point Xpc=460000  Ypc=5652000 (these are coordinates UTM expresses in m); 
α=29° (direction positive axis x of the computational grid) .The length of the 
computational grid in X direction is 95000 m and in Y direction is 36000 m; the 
number of meshes in computational grid in x-direction is mxc=380 and myc=144. 
 
 
Figure 14 Computational grid. 
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Figure 15 Belgian computational grid. 
 
3.1.3 Bathymetry 
The bathymetry used in this thesis come from the Marebasse project; Marebasse 
is a strategic research network, which focuses on the “Evaluation of sedimentary 
systems and the development of new evaluation technologies within the view of a 
sustainable management of the Belgian exclusive economic zone (EEZ)”. In the 
figure below is represented the bathymetry investigated until 2006 along the line 
from Westhinder across Trapegeer until the coastline. In this work we try to 
understand the depth-induced breaking dissipation in the Buiten Ratel bank. 
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Figure 16 Marebasse bathymetry. 
 
3.1.4 Wind data 
Wind measurements within the study area are available for the Belgian continental 
shelf through the monitoring network of the Flemish Community, Waterways and 
Marine Affairs Administration (Afdeling Kust|MDK-VLIZ 2008, 
http://www.meetnetvlaamsebanken.be). 
 
Figure 17 Anemometer. 
The wind recording station used in this work is Meteo Paal 7 (MP7), located near 
Westhinder buoy; the wind measured is at approximately 25 m height. Before of 
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the SWAN computation that wind velocity is multiplied by a correction factor 0.9 
for height, because SWAN model wants wind input at 10m height. 
 
Figure 18 Anemometer and buoy location. 
 
MDK gives these wind measurements in a .txt file with wind speed in m/s, wind 
direction in °. The time step is 10 minutes. 
 
 
Figure 19 Wind data. 
 
 
The time series for the wind data that we used in this work is the 6 months meteo 
dataset recorded from 01 October 1997 until 31 March 1998 
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Figure 20 Wind speed and wind direction at MP7. 
 
 
 
 
3.1.5 Water level 
In this study we used for the Water Level(WL) a time series of measurements from 
Oostende; this data cover a period from 1994 to 2005 and are referred to 
TAW(Tweede Algemene Waterpassing), the Belgian reference height. The  MSL( 
mean sea level) which coincides with NAP( Normal Amsterdam Level) is 2.33m 
higher than TAW. 
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Figure 21 Water level. 
In the figure 22 is shown the time series of the Water Level used in this study. 
 
Figure 22 Time series water level Oostende 
 
 
3.1.6 Study case 
In this study wave observation were recorded at two buoys location, Westhinder and 
Trapegeer. The time series that we used in this work are the 6 months wave dataset 
recorded from 01 October 1997 until 31 March 1998. The parameters that have been 
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observed are significant wave height (Hm0 ), wave period (Tm2) and the wave 
direction (RHF). The time step is 30 minutes. 
 
Figure 23 Westhinder buoy output file. 
 
 
Figure 24 Hm0 for Westhinder and Trapegeer buoy. 
 
The period from 18 January until 20 January has been considered as a study case for 
the data experiment. During this period (especially during the day 19th January) 
considerable wave activity is present in Westhinder and in Trapeeger with Hm0= 
3.25m in WHI and Hm0=2.81 in TRG( at 16:30 pm). 
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Figure 25 Time series Hm0 Westhinde buoy. 
 
Figure 26 Wave direction Westhinder buoy. 
The fig. 26 (RHF) show that the wave direction in the specific day of our study(19th 
January) tend to be in a line from Westhinder to Trapeeger and the angle of 350° is 
perpendicular to the coast, and the wind direction at MP7 tend to the same 
direction(about 330°-340°). 
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Figure 27 Line from Westhinder to Trapegeer. 
 
 
Figure 28 Wind speed and Wind direction MP7. 
 
For the buoy in Trapeeger we have the same data output parameters, significant 
wave height (Hm0 ), wave period (Tm2). 
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Figure 29 Trapegeer buoy output file. 
 
Figure 30 Time series Hm0 Trapegeer buoy. 
 
 
3.2 Test bed 
This test bed is a part of the project “SWAN physica plus”(Rijkswaterstaat 2002). 
The aim of this test bed is to improve the formulations of some of the dominant 
processes in the Dutch coastal region for application in the wave prediction model 
SWAN. In particular we tested the prediction of the wave height near the coastline 
with the depth-induced wave breaking dissipation using four different breaking 
theories and the dissipation rate along the flume. The dissipation by depth-induced 
wave breaking is tested using the original laboratory data of Battjes & Janssen 
(1978). Random, uni-directional waves propagate towards a bar-trough beach 
profile, accompanied by depth-induced wave breaking over the bar. . The real 
measurements laboratory experiment data of Battjes & Janssen is compared, with 
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the SWAN simulation, with the four dissipation theories that use different breaking 
parameters: the simulation model of Battjes & Janssen, the model of Nelson 
(1993), the model of Ruessink (2001) and the model of Thornton & Guza (1983). 
The aim of this test bed is to validate this four breaking formulation using the Battjes 
& Janssen original data. 
Laboratory experiment of Battjes & Janssen 
In the laboratory experiment of Battjes & Janssen (1978) random, uni-directional 
waves (in a flume) propagated towards a bar-trough beach profile, accompanied 
by depth-induced wave breaking over the bar. Currents and wind are absent. 
The SWAN simulation are executed in the stationary mode. The offshore boundary 
is located at x=7.4 m, approximately at 30,8m from the shoreline. The length of 
the computational grid is 30m. The resolution is equal to Δx=0.1m. The frequency 
space is divided into 30 frequency bins, covering the frequency interval from flow 
=0.2485 Hz to fhigh =3.5714 Hz. 
The computation are executed in the third-generation mode. Besides the physical 
processes that are activated in the default option (wind growth, white-capping, 
refraction) depth-induced wave breaking, bottom friction, triad wave interaction 
and refraction are activated as well. Quadruplets are switched off. The boundary 
condition is a rather narrow spectrum (JONSWAP spectrum, γ = 3.3, σa = 0.07 and 
σb = 0.09). Maximum water depth is 0.762 m for this case.  
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Figure 31 Flume experiment of Battjes & Janssen. 
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4 .  N u m e r i c a l  e x p e r i m e n t s  
4.1 Test bed 
In Fig.32 we can see that the three SWAN simulation (Battjes & Janssen, Nelson 
and Ruessink) have a good prediction in comparison to the real data experiment, on 
the other hand Thornton & Guza simulation underestimate the real data and the other 
three simulation. Battjes & Janssen and Ruessink simulation have the same HS  
prediction, while Nelson prediction doesn’t have the same HS in all the flume length. 
With the Nelson model there is higher HS  at station 7 and in the shoreline, but  the 
difference in HS is very little; Thornton & Guza give the greatest HS differences 
compared to the other theories(about 30 cm along the flume and in the shoreline). 
 
Figure 32 Hs in Test Bed 
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In Fig. 33 we can see also in which location we have the dissipations in terms of 
variance (m2/s). In the first plot we can see the total dissipation (white-capping, 
depth induced wave breaking, bottom friction) and in the second plot only the depth 
induced wave breaking dissipation. The greatest dissipation is at station 7 with the 
Thornton & Guza and Ruessink dissipation model. The lower dissipation is with the 
Nelson model at the station 7. In the shore line the greater dissipation is with 
Ruessink model and the lower dissipation is with Nelson model. Comparing the 
values of the total dissipation with the values of surf breaking dissipation we can see 
that the surf breaking dissipation is the dominant dissipation process in the coast 
line. 
 
Figure 33 Total dissipation and surf breaking dissipation in Test Bed. 
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4.2  Implementation SWAN model 
SWAN is a third-generation wave model for obtaining realistic estimates of wave 
parameters in coastal areas, lakes and estuaries from given wind, bottom and 
current conditions. SWAN expects all quantities that are given by the user to be 
expressed in S.I. units: the wave height and water depth are in m, wave period in 
s. For wind and wave direction is used the Cartesian convention. For the output of 
wave energy SWAN uses spectral energy density (J/m2/Hz). All geographic 
locations and orientations in SWAN, e.g. for the bottom grid or for output points, 
are defined in one common Cartesian coordinate system with origin (0, 0). The last 
release of the SWAN model used in this thesis is 40.91. 
 
 Set commands and grid 
 
 
 
With this optional command are assigned values to various general parameters: 
level increase in water level that is constant in space and time can be given with 
this option, the value of this increase (in m); in this study case we have MSL(mean 
sea level) =2.33 m and the water level (measured in Oostende)=4.82m measured 
in a specific day and specific hour (19th January 1998 16:30). We used the level 
2.49(WL-MSL). 
nor direction of North with respect to the x axis (measured counter-clockwise); 
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depmin in the computation any positive depth smaller than (depmin) is made equal 
to depmin; 
grav is the gravitational acceleration (in m/s2), in this  case is used 9.81 
rho is the water density ρ (in kg/m3), in this case is used 1025. 
naut  indicates that the Nautical convention for wind and wave direction (SWAN 
input and output) will be used instead of the default Cartesian convention. 
Mode stationary , this option indicate that the run will be stationary 
The grid used in SWAN is uniform and rectangular; the origin of the grid is the 
point Xpc=460000  Ypc=5652000  (these are coordinates UTM expresses in m); 
α=29° (direction positive axis x of the computational grid) . 
The length of the computational grid in X direction is 95000 m and in Y direction 
is 36000; the number of meshes in computational grid in x-direction is mxc=380 
and myc=144. 
 
 
Figure 34 Computational grid. 
 
Physical process 
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The SWAN model contains a number of physical processes that add or withdraw 
wave energy to or from the wave field. The model was executed in third generation 
and stationary mode and wind input is included in the model.  
In this study the processes used are: wind input, bottom friction, depth-induced 
wave breaking, nonlinear wave-wave interactions (quadruplets). Bottom friction 
is modelled using the JONSWAP form with a friction coefficient Cb=0.067 m2 s-3 
for depth-limited wind-wave dissipation. Quadruplet interation is activated using 
the default setting for the DIA (Hasselmann et al., 1985). To model the energy 
dissipation in random waves due to depth-induced breaking, the bore based model 
of Battjes & Janssen (1978) is used in SWAN(default mode). The maximum wave 
height Hmax is determined in SWAN with Hm =γd, in which γ is the breaker 
parameter and d is the total water depth. 
In this work, we use the four different surf-breaking theories and consequently 
change the different breaking parameters, putting in the INPUT file different text: 
 BREA 0.73                    Battjes & Janssen theory 
 BREA VAR                   Nelson theory 
 BREA RUE                   Ruessink theory 
 BREA TG                     Thornton & Guza theory 
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Figure 35 Input file SWAN. 
 Boundary conditions 
 
 
 
To obtain the numerical solution of the action balance equation we need the wave 
boundary conditions. The boundaries conditions of the computational spatial grid 
in SWAN can be land or water. In case of land there is no problem because the 
land doesn’t generate wave and in SWAN it absorbs all incoming wave energy. In 
this study case the water boundary there may be a problem. To give a good 
boundary condition in this study we used a discrete one-dimensional spectrum that 
is obtained from the measurements of the Westhinder buoy that is located on the 
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border North of the rectangular grid; we supposed that this boundary condition is 
applied in the west side of the grid too and we supposed that these wave spectra 
are constant along the sides of the grid. For the comparison between the four 
different surf-breaking dissipations we used as boundary condition the spectrum 
in a specific day; the day chosen was January 19th 1998 at 16:30. 
 
Figure 36 Belgian grid. 
 Output request 
 
For this study we create a line from the Westhinder buoy to the Trapegeer buoy. 
The output file are a table with some wave parameters of the 38 location from WHI 
to Trapegeer(each 650 m). The wave parameters that we use to compare with data 
measurements are: Hs (in m), Tm02(in s). We obtained also the dissipation terms: 
DISSIP (energy dissipation due to bottom friction and wave breaking, expressed 
in W/m2 ), DISSURF (energy dissipation due to wave breaking, in m2/s). 
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Figure 37 Output file SWAN. 
 
 
The other output file is a text file with a spectrum for each point of the line in 
energy density (J/m2/Hz), the average Cartesian direction in degree and the 
directional spreading. 
 
Figure 38 Output file SWAN "spectrum". 
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5 .  C o m p a r i s o n  S W A N - B u o y  B e l g i a n  c o a s t  
The Belgian continental shelf is located in the southern North Sea. It is constituted 
by a relatively complex and shallow bathymetry characterized by the presence of 
several sand banks. At first In this study we used the bathymetry profile from 
Westhinder to the coast ,but subsequently through a recent  study on the 
bathymetry (Gary Van Gulck, personal communication 2014), we saw that the 
bottom profile has evolved over time and it is substantially changed (fig. below 
shows the first part of this study about the bottom profile near Trapeeger ); the new 
“line” that we decide to study is from Westhinder to Trapeeger  and it is 
characterized by the presence of three sand banks(Oost Dyck, Buiten Ratel and 
Smal Bank). 
 
Figure 39 Marebasse bathymetry. 
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Figure 40 New bathymetry. 
 
 
The SWAN was run for a test in a specific day in a specific time, 19th January 1998 
at 16:30 with these boundary conditions and using the four different depth-induced 
breaking dissipations parameters; the wind direction in input is 340° 
(perpendicular to the coast) and the output parameters are the significant wave 
height (Hm0) and the spectrum. The results are presented in fig. 41.  
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Figure 41 Hs from Westhinder to Trapegeer. 
 
The figure gives the simulated significant wave heights  at the line from 
Westhinder (point 1 in the fig.41) to Trapeeger (point 38 in the fig.41). The 
simulation shows that the Battjes & Janssen, Nelson and Ruessink models give the 
same result in term of wave height(about 2 m in Trapegeer), on the other hand 
Thornton & Guza give lower values of  wave height than the other breaking 
model(about 1.5 m). The different wave height prediction between Thornton & 
Guza model  and the others start to be considerable from the Buiten Retel bank in 
the order of 50 cm (point 22). For Battjes & Janssen, Nelson and Ruessink we have 
an increase of the wave height in correspondence of the sand banks (point 12 and 
point 22, respectively Oost Dyck and Buiten Ratel banks). 
To understand better the result of SWAN simulation and to compare with the buoy 
measurements, in fig. below the measured directional spectrum is shown at 
Westhinder. The measured spectrum give  the significant wave height through the 
formula  
𝐻𝑠 = 4√𝐸 = 3,25 𝑚 
with the wind speed 13.9 m/s and wind direction 314.5°. The SWAN simulation 
with the four different braking theories give in output four different spectrum and 
four significant waves height; the figure shows that all the four theories 
underestimates the significant wave height, but Battjes & Janssen, Nelson and 
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Ruessink are very close to the real buoy measurements, on the other hand Thornton 
& Guza underestimates a little more the significant wave height. 
 
 
Figure 42 Spectrum Westhinder. 
 
In the Fig. 43  is shown the measured spectrum at Trapegeer (TRG). The measured 
spectrum give  the significant wave height through the formula 
𝐻𝑠 = 4√𝐸 = 2,81 𝑚 
The SWAN simulation with the four different braking theories give in output four 
different spectrum and four significant waves height; the figure shows that just as 
at Westhinder all the four theories underestimates the significant wave height, but 
in Trapegeer there is a great underestimation; Battjes & Janssen and Ruessink have 
the better prediction of the significant wave height in relation to the real buoy 
measurements(2.07 m instead of 2.81 m), on the other hand Thornton & Guza 
underestimates a lot the significant wave height (in the order of 1,20 m of 
underestimation). We can see the big difference between the energy at the peak 
period TP; with the buoy measurements we have about 8 m2*s of variance density 
and with the different wave breaking model we have 2 m2*s. 
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Figure 43 Spectrum Trapegeer. 
We can see that from Westhinder to Trapegeer the waves loss a great quantity of 
energy and consequently they reduce the wave height. These SWAN simulation 
were carried out using in the Swan input file the SET LEVEL =2.49 considering 
the water level in Oostende 4.82m( in the specific hour). 
In the Fig 44 we can see the spectrum in Trpegeer with a different  SET LEVEL; 
in this case we used a set level =0.00, but the simulation carried out are similar to 
the previous. Comparing Battjes & Janssen model with the two different SET 
LEVEL, we can see that the underestimation of the significant wave height is of 
the order of 0.80m. 
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Figure 44 Spectrum Trapegeer with a different set level. 
 
 
In another simulation, SWAN was run changing the time but in the same day, 19th 
January 1998 at 12:00 with new boundary conditions and using the four different 
depth-induced breaking dissipations parameters. In this case we have (as in the 
previous simulation) a good prediction of the spectra with the four theories at 
Westhinder. 
In this simulation Battjes & Janssen, Nelson and Ruessink theories overestimates 
the real buoy measurements but the values are very close; Thornton & Guza 
theories also in this case underestimates the real buoy measurements. 
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Figure 45 Spectrum Westhinder. 
 
In the fig.46 is shown the measured spectrum at Trapegeer (TRG) at 12:00. The 
figure shows that all the four theories underestimates the significant wave height, 
but with Battjes & Janssen and Ruessink models there isn’t a great 
underestimation; Nelson and Thornton & Guza have a not good prediction of the 
significant wave height in relation to the real buoy measurements, the difference 
of wave height is in the order of 0.70 m between Thornton & Guza and  the real 
measurements. 
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Figure 46 Spectrum Trapegeer. 
Also in this case we can see the great difference of energy at the peak period 
between the buoy measurements and the simulation (difference in the order of  2.3 
m2*s). 
In this line from WHI to TRG the energy loss is located in specific zones, 
especially in banks where there is an increase of the wave height. 
The surf-breaking dissipation in the Buiten Ratel bank (a location situated at 20 
km away from the coast, with water depth about 6 m, we are in shallow  water) is 
computed by SWAN model using the four different surf breaking theories. 
 
 
The total dissipation is the sum of two source terms (bottom friction and surf 
breaking dissipation). The SWAN computation give the total dissipation in W/m2 
(per unit time, per unit horizontal bottom area). 
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The fig.47 shows that especially in the Buiten Ratel bank there is a high dissipation 
with Nelson and Thornton & Guza theories, on the other hand Battjes & Janssen 
and Ruessink have less  total dissipation than Nelson and Thornton & Guza but the 
order of magnitude is the same  of Nelson and Thornton & Guza. 
 
 
Figure 47 Total dissipation. 
 
 
In the Fig.48 is shown only the surf breaking dissipation; SWAN computation 
shows that in the Buiten Ratel bank using Battjes & Janssen model the dissipation 
is very small (0.08 m2/s) and for Ruessink model there isn’t any surf breaking 
dissipation. 
Nelson and Thornton & Guza models give high values of dissipation (about 4.5 
m2/s). The Fig.48 shown that with Thornton & Guza model there is a big energy 
dissipation not only in the Buiten Ratel bank but also in the other sand banks. 
The unit of this dissipation (m2/s) express the dissipation in term of variance 
(dividing by ρg) per unit horizontal area due to wave breaking.  
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Figure 48 Surf breaking dissipation. 
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6 . C o n c l u s i o n  
Based on the overview and evaluation of the class of parametric models for energy 
dissipation due to depth-induced breaking of random waves presented above, the 
following conclusions are drawn. The depth-induced wave breaking expression of 
Battjes & Janssen (1978), which was developed for surf zone environments and 
used in default mode in SWAN, has proven to be successful in a wide range of 
situations. This formulation has mainly been studied for the case of waves from 
deeper water breaking on a beach. In this thesis the three dissipation models 
(Nelson, Ruessink, Thornton & Guza), for random breaking waves, were 
implemented into the last release of SWAN( 40.91) with the aim of improving the 
simulation of the depth induced wave breaking in shallow water. Following the 
results of the test bed, the models of Nelson and Ruessink give a good prediction 
in terms of significant wave height and in terms of total dissipation and surf 
breaking dissipation, on the other hand Thornton & Guza give a big 
underestimation in term of significant wave height. The same results we can find 
in comparison with the real measurements in the Belgian coastal zone: Thornton 
& Guza have a great underestimation in terms of significant wave height and the 
dissipation term is of  different order of magnitude compared to Battjes & Janssen 
model, while is of the same order of magnitude compared to Nelson model. Nelson 
model give an unrealistic result in terms of surf breaking dissipation in this study 
case, probably because Nelson’s experiments were tested on horizontal bed and on 
coral reef platform, for these reason the great value of surf breaking dissipation in 
Buiten Retel bank is unrealistic just as Thornton & Guza result. 
Regardind Ruessink model we have a good prediction about the significant wave 
height, but strangely we haven’t surf breaking dissipation, for this reason we can 
not say anything about the reliability of the model in comparison with the others. 
The validation of the models need comparison with observed data for an extended 
period of time and need  comparison with real measurement located in different 
areas of the Belgian coast. Through an increase in measurement campaigns in the 
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coming years, it will be possible a better interpretation of the buoy data and a better 
invetigation on the surf breaking dissipation in the Belgian coastal zone. 
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